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Abstract 
A senior within a spatial science Ecological Planning capstone course designed an undergraduate research project to 
increase his spatial science expertise and to assess the hands-on instruction methodology employed within the 
Bachelor of Science in Spatial Science program at Stephen F Austin State University. The height of 30 building 
features estimated remotely with LiDAR data, within the Pictometry remotely sensed web-based interface, and in 
situ with a laser rangefinder were compared to actual building feature height measurements. A comparison of 
estimated height with actual height indicated that all three estimation techniques tested were unbiased estimators of 
height. An ANOVA, conducted on the absolute height errors resulting in a p-value of 0.035, concluded the three 
height estimating techniques were statistically different at the 95% confidence interval. A Tukey pair-wise test found 
the remotely sensed Pictometry web-based interface was statistically more accurate than LiDAR data, while the laser 
range finder was not different from the others. The results indicate that height estimates within the Pictometry 
web-based interface could be used in lieu of time consuming and costly in situ height measurements. The findings 
also validate the interactive hands-on instruction methodology employed by Geographic Information Systems faculty 
within the Arthur Temple College of Forestry and Agriculture in producing spatial science graduates capable of 
utilizing spatial science technology to accurately quantify, qualify, map, and monitor natural resources.  
Keywords: Spatial science, Hands-on, Real-world applications, Capstone course, Forestry, Natural resources 
1. Introduction 
1.1 Spatial Science within a Natural Resource Curriculum 
Undergraduate students completing a Bachelor of Science degree in Spatial Science in the Arthur Temple College of 
Forestry and Agriculture (ATCOFA) at Stephen F. Austin State University (SFA), Nacogdoches, Texas, USA, 
concentrate on learning real-world applications of spatial science technology within a natural resource context. The 
mission statement of ATCOFA is to maintain excellence in teaching, research and outreach to enhance the health and 
vitality of the environment through sustainable management, conservation, and protection of natural resources. The 
college is dedicated to comprehensive undergraduate and graduate education, basic and applied research programs, 
and service (Bullard, Coble, Coble, Darville, & Stephens-Williams, 2014). To achieve the mission statement, 
undergraduate course work in the Spatial Science program within ATCOFA focuses not only on traditional classroom 
instruction combined with outdoor lab instruction but also focuses heavily on integrating hands-on instruction via 
one-on-one faculty interaction to produce a more well-rounded and more competent graduate. Students who attend 
ATCOFA for the Spatial Science degree focus on hands-on instruction, field exercises and real-world applications 
using the most current geospatial technology (Unger, Kulhavy, Hung, & Zhang, 2014).  
Spatial science is the study of spatial information describing the Earth, its physical features and the built environment. 
Spatial technology, which has been identified as one of the targeted industry sectors within the United States by the 
President’s High Growth Job Training Initiative, incorporates aerial photo interpretation, digital image processing, 
geographic information systems (GIS), and global positioning systems (GPS) technology. In addition, spatial science 
was identified as one of the important tools in forestry and natural resources in a recent ATCOFA curriculum 
reevaluation (Bullard, Coble, Coble, Darville, & Stephens-Williams, 2014)  
Within ATCOFA, the focus is on training undergraduate students in the Spatial Science program how to use aerial 
photographs, remotely sensed digital imagery, GIS, and GPS to quantify, qualify, map, and monitor natural resources 
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to solve problems, issues, and concerns natural resource managers address on a daily basis. Within the Spatial 
Science program students can opt for one of two emphasis tracks: Natural Resources or Surveying.  
Undergraduate students pursuing the Bachelor of Science degree in Spatial Science must complete 120 credit hours 
of instruction. General education requirements at SFA equal 42 credits. A student must also complete a common core 
of spatial science related course work equaling 42 credits while the student chooses an additional 36 hours of spatial 
science or natural resource related course work depending on their chosen option within the program. 
Throughout their undergraduate career within ATCOFA, and in particular within the spatial science core and major, 
the focus of the faculty is on instructing students within an intensive hands-on environment to maximize one-on-one 
faculty interaction. Spatial science relies on computer software and a focus on hands-on instruction is crucial to a 
student’s success and mastery of both the theoretical and applied aspects of spatial science. 
The focus of one-on-one faculty instruction culminates in a senior level capstone course entitled Ecological Planning 
that incorporates elements from each of their previous courses. Within Ecological Planning students are required to 
complete a real-world research project incorporating both laboratory and field data that portrays their mastery of 
spatial science technology. 
Examples of research projects previously completed include designing a national historic trail that incorporates local 
history and culture into an interactive GIS system, using a remotely controlled drone to rate the health of urban forest 
trees from a distance, and mapping the spatial distribution of endangered plants using high spatial resolution 
remotely sensed data. Although technically assigned to one faculty member, all faculty members within the spatial 
science program contribute to the individual student research projects within the senior level capstone course by 
design to increase a student’s mastery of applied spatial science. 
1.2 The Need for Accurate Height Measurements 
Knowing the height of features on the Earth’s surface is crucial to any spatial science endeavor. Although the spatial 
location of geographic features is crucial to understanding their role within a natural resource or non-natural resource 
context, the vertical height of a surface feature like a bridge, building, tree, or an eagle’s nest above ground is also 
crucial to its management. Although vertical height can be estimated in situ with a traditional laser rangefinder it can 
be time consuming and expensive to estimate and record the in situ height of multiple surface features within an 
inaccessible or large geographic area (Asner et al., 2002). 
Remote sensing represents the ability to obtain information about the Earth’s surface from a distance using 
electromagnetic energy. Remote sensing, which has been a mainstay of spatial science for decades, typically involves 
using aerial photographs or remotely sensed digital imagery to quantify and qualify natural resources (Campbell & 
Wynne, 2011). Remote sensing with its ability to collect data from a synoptic perspective has the advantage of 
acquiring information over a wide geographic area within one image and can be more efficient in terms of cost and 
time than in situ assessments.  
1.2.1 LiDAR Data 
Light Detection and Ranging (LiDAR) data, a relatively new form of remotely sensed data as compared to traditional 
digital or analog imagery obtained from satellites or an aerial platform, are currently being integrated into the 
undergraduate spatial science curriculum within ATCOFA. LiDAR data have been used to measure the height of 
vertical features within a landscape by using laser-scanning from an airplane to estimate height and elevation of the 
physical features of the landscape (Gatziolis, Fried, & Monleon, 2010; Jurisch & Mountain, 2008; Maltamo, Hyyppa, 
& Malinen, 2006). The return time from a surface feature back to the LiDAR scanner for each pulse of light is used 
to estimate surface elevation of a geographic feature. The difference in elevation between the top of an object and the 
bare ground it stands on is the object’s measured height. 
Using narrow-beam LiDAR, height estimates were within 0.43 m of actual tree height; and 0.55 m of actual tree 
height using wide-beam LiDAR (Anderson, Reutebuch, & McGaughey, 2006). Popescu and Wynne (2004) and 
Popescu, Wayne and Nelson (2002) found LiDAR and multispectral data fusion were satisfactory in estimating forest 
plot-level tree height accounting for 97% of the variation. O’Beirne (2012) calculated coefficient of determinations 
ranging from 0.92 to 0.96 comparing LiDAR data to field height measurements of trees in an urban environment.  
1.2.2 Pictometry Data 
High spatial resolution multispectral Pictometry data, another relatively new form of remotely sensed data, are 
combined into a web-based interface that has the potential to revolutionize height estimation from a distance. 
Pictometry data are also being integrated into the undergraduate spatial science program within ATCOFA to 
www.sciedu
Published by
introduce s
Pictometry
data. Pictom
angles up t
Pictometry
Dailey (20
measureme
height usin
(2014) dem
Pictometry
pole height
1.3 Study O
A senior w
research pr
features fr
employed w
was to com
Agriculture
data versus
2. Method
2.1 Study S
The SFAEF
geographic
within the 
acquisition
 
Figure 1. S
.ca/ijhe 
 Sciedu Press  
patial science 
 International 
etry is acqui
o 40 degrees 
 web-based int
08) compare
nts and calcul
g Pictometry 
onstrated the
 data and foun
 and a linear c
bjectives 
ithin the Ecolo
oject to: (1) 
om a distance
ithin the Bac
pare the acc
, Forest Servi
 in situ height 
s 
ite 
 was chosen a
 area within cl
coverage area
 and in situ me
tudy site depic
            
students to cut
Corporation (
red by low-fly
to create a com
erface (Dailey
d 3-dimensio
ated a Root M
data. Unger, H
 utility and a
d Pictometry 
orrelation of 0
gical Planning
increase his s
 using remot
helor of Scien
uracy of estim
ce, Stephen F.
estimates.  
s the study sit
ose proximity 
 with physica
asurements (F
ting buildings
International Jo
           54
ting edge tech
Rochester, NY
ing aircraft to
posite image
, 2008; Gerke 
nal measurem
ean Square E
ung and Kulh
ccuracy of e
estimated ligh
.99 between Pi
 capstone cou
patial science 
ely sensed da
ce in Spatial S
ating the hei
 Austin Exper
e due to its pro
to SFA that ha
l dimensions t
igure 1). 
 within the U. 
Exper
urnal of Higher 
            
nology. Pictom
) and is class
 obtain image
 used to estim
& Kerle, 2011
ents derived
rror (RMSE) o
avy (2014) an
stimating heig
t pole height t
ctometry estim
rse, with the a
expertise by 
ta; and (2) to
cience program
ght of 30 bu
imental Forest
ximity and acc
s both LiDAR
hat would not
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
S. Department
imental Forest
 
Education
            I
etry is an aer
ified as hyper
s representing 
ate surface ob
; Wang, Schult
 from Pictom
f 0.82 m betw
d Unger, Kul
ht of light p
o be within 2
ated tree heig
id of the GIS 
learning how 
 assess the h
 within ATC
ilding features
 (SFAEF) rem
essibility to S
 and Pictometr
 change betw
 of Agriculture
. 
SSN 1927-6044
ial application
spatial resolut
a vertical per
ject size with
z, & Giuffrida
etry data w
een actual an
havy, William
oles and bald
.39% absolute
ht and in situ t
faculty, design
to estimate th
ands-on instr
OFA at SFA. T
 within the U
otely with LiD
FA students an
y data coverag
een dates of r
, Forest Servic
Vol. 4, No. 
   E-ISSN 192
 process paten
ion remotely 
spective and o
in seconds usi
, 2008).  
ith in situ 
d estimated bu
s, Creech and
cypress trees 
 error of actua
ree height. 
ed an undergr
e height of s
uction method
he overall obj
. S. Departm
AR and Picto
d faculty, is th
e, and has bui
emotely sense
e, Stephen F. A
1; 2015 
7-6052 
ted by 
sensed 
blique 
ng the 
survey 
ilding 
 Hung 
using 
l light 
aduate 
urface 
ology 
ective 
ent of 
metry 
e only 
ldings 
d data 
ustin 
www.sciedu
Published by
2.2 Hands-
Undergradu
instruction 
computeriz
faculty wit
maximize t
GIS compu
workforce 
In 2013 AT
of Nacogdo
covering th
spatial reso
community
undergradu
web-based 
the physica
date and th
height of b
himself. Pi
angle to ob
height usin
features for
 
Fi
.ca/ijhe 
 Sciedu Press  
On Computer 
ate course w
and relies h
ed environmen
hin ATCOFA 
heir learning p
ter facilities 
(Figure 2).  
Figure 2
COFA partner
ches, Texas, a
e City of Nac
lution; the typ
 level coverag
ate student wa
interface. Pict
l dimensions 
e date of in sit
uilding feature
ctometry on-s
serve building
g the patented
 comparison w
gure 3. Examp
            
Measurements
ork in the Sp
eavily on inte
t to produce 
is proud of t
otential. Stud
with cutting 
. Student recei
ed with a con
nd the Nacogd
ogdoches at 1
ical spatial re
e respectfully
s instructed h
ometry data w
of the building
u height asses
s within the P
creen view set
 height. Once 
 Pictometry in
ith LiDAR an
le of estimatin
International Jo
           55
 in the GIS La
atial Science
grating hands
a more well-ro
he fact that t
ents within AT
edge spatial s
ving hands-on
sortium of use
oches County
0.2 cm spatial
solution acquir
 (EFS, 2007).
ow to measure
ith image acq
 features mea
sment. The sen
ictometry web
tings were eith
the student de
terface, the s
d in situ measu
g building fea
urnal of Higher 
            
b 
 program wit
-on instructio
unded and m
hey devote on
COFA receive
cience softwa
 
 
 
 
 
 
 
 
 
 
 faculty instruc
rs including th
 Appraisal Dis
 resolution an
ed with Picto
After designin
 the height of
uisition date o
sured would n
ior spatial sci
-based interfa
er North, Sou
monstrated to
tudent was the
rements (Figu
 
 
 
 
 
 
 
 
 
 
 
ture height wit
Education
            I
hin ATCOFA 
n via one-on
ore competent
e-on-one tim
 hands-on ins
re necessary 
tion within a G
e County of N
trict. The purc
d the entire C
metry data rep
g his research
 building featu
f the SFAEF o
ot change betw
ence student w
ce before bein
th, East, or W
 the GIS facul
n allowed to 
re 3). 
hin the Pictom
SSN 1927-6044
focuses on tr
-one faculty 
 spatial scienc
e with each i
truction daily 
to succeed in
IS computer 
acogdoches 9
hase included
ounty of Naco
resenting loca
 project the s
res remotely u
f February 20
een Pictomet
as first shown
g allowed to r
est depending
ty his mastery
estimate the h
etry web-base
Vol. 4, No. 
   E-ISSN 192
aditional clas
interaction wi
e graduate. Th
ndividual stud
using top-of-th
 the spatial s
lab. 
11 District, th
 Pictometry im
gdoches at 23
l neighborhoo
enior spatial s
sing the Picto
13 was chosen
ry image acqu
 how to measu
ecord measure
 on the best o
 of measuring 
eight of 30 bu
d interface. 
1; 2015 
7-6052 
sroom 
thin a 
e GIS 
ent to 
e-line 
cience 
e City 
agery 
.0 cm 
ds and 
cience 
metry 
 since 
isition 
re the 
ments 
blique 
object 
ilding 
www.sciedu
Published by
LiDAR da
captured di
ASD50-II L
The senior
remotely u
Research In
dimensions
assessment
LiDAR da
demonstrat
allowed to
measureme
 
Figure 
2.3 Field M
Once the 
undergradu
from Laser
used in the 
After the 
undergradu
nearest 0.2
what the h
web-based 
2.4 Statistic
In order to
methodolog
height feat
measureme
analysis of
height mea
significant,
differed in 
 
.ca/ijhe 
 Sciedu Press  
ta covering th
screte, multipl
iDAR system
 spatial scienc
sing LiDAR d
stitute (Redla
 of the buildin
. The senior sp
ta within Ar
ed to the GIS 
 estimate the 
nts (Figure 4)
4. Example of
easurements 
Pictometry an
ate student es
 Technology, I
field and has a
Pictometry, Li
ate student rec
54 cm. The ac
eight of each
interface, LiD
al Analysis 
 assess the ac
y, the 30 Picto
ures that were
nt errors were
 variance (AN
surement amo
 a Tukey pair-
accuracy. 
            
e SFAEF was
e return data w
 in cooperatio
e undergradu
ata in conjunc
nds, Californi
g features me
atial science 
cMap 10.1 b
faculty his m
height of the
. 
 estimating bu
d LiDAR he
timated the he
nc. A laser ran
 history of pro
DAR and las
orded the actu
tual height of 
 building featu
AR data within
curacy of the 
metry, LiDAR
 recorded in s
 calculated for
OVA) was con
ng the three 
wise test was a
International Jo
           56
 acquired in 
ith a density 
n with SFA an
ate student w
tion with Arc
a). LiDAR dat
asured would 
student was fir
efore being a
astery of meas
 same 30 bu
ilding feature h
ight estimates
ight of the 30
gefinder was 
viding accura
er rangefinde
al height of al
each building 
re should ha
 ArcMap 10.1
remotely sens
, and laser ran
itu with a tele
 mean error, m
ducted on the
remote sensin
pplied to iden
urnal of Higher 
            
August 15, 20
of 5.67 points
d the Surdex 
as instructed h
Map 10.1 GIS
a of the SFAE
not change be
st shown how
llowed to rec
uring height f
ilding feature
 
 
 
 
 
 
 
 
 
 
 
eight with LiD
 in the GIS 
 building fea
included in the
te height estim
r height estim
l 30 building f
feature was re
ve been when
, or in situ wit
ed height me
gefinder heigh
scopic height 
ean absolute e
 absolute heig
g methods te
tify how the th
 
 
 
Education
            I
07 using a sm
 per m2. The L
Corporation (C
ow to measu
 software dev
F of August 2
tween LiDAR
 to measure th
ord measurem
eatures using 
s for compar
AR data with
lab were rec
tures in situ u
 analysis of h
ates (Figure 5)
ates were rec
eatures in situ 
corded last to
 estimating h
h the laser ran
asurements an
t estimates we
pole. For each
rror, mean abs
ht errors to de
sted were sta
ree remotely s
SSN 1927-6044
all-footprint 
iDAR was ac
hapman, Hun
re the height 
eloped by Env
007 was chose
 data acquisiti
e height of bu
ents himself
LiDAR data, t
ison with Pic
in ArcMap 10
orded, the se
sing a TruPul
eight since it h
. 
orded, the se
with a telescop
 eliminate prec
eight remotely
gefinder (Figu
d ATCOFA’s 
re compared t
 remote sensi
olute percent e
termine if acc
tistically signi
ensed height e
Vol. 4, No. 
   E-ISSN 192
LiDAR system
quired using a
g, & Tippen, 
of building fe
ironmental Sy
n since the ph
on and in situ 
ilding features
. Once the s
he student wa
tometry and i
.1 GIS softwar
nior spatial s
se 200B range
as been traditi
nior spatial s
ic height pole
onceived noti
 via the Picto
re 6). 
hands-on instr
o the actual bu
ng method ass
rror, and RMS
uracy differen
ficant. When 
stimation tech
1; 2015 
7-6052 
 that 
 Leica 
2010). 
atures 
stems 
ysical 
height 
 using 
tudent 
s then 
n situ 
e. 
cience 
finder 
onally 
cience 
 to the 
ons of 
metry 
uction 
ilding 
essed, 
E. An 
ces in 
found 
niques 
www.sciedu
Published by
3. Results 
3.1 Raw Da
A summary
estimates u
overestima
building fe
 
 
 
.ca/ijhe 
 Sciedu Press  
Fig
Figure
ta Analysis 
 of all 30 buil
sing Pictomet
ted building f
atures. Howev
            
ure 5. Estimat
 6. Measuring 
ding feature in
ry data, LiDAR
eatures height
er, all mean er
International Jo
           57
ing building fe
actual building
 situ height m
 data, and a l
, while both 
rors were very
urnal of Higher 
            
 
 
 
 
 
 
 
 
 
 
 
 
ature in the fie
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 feature heigh
easurements a
aser rangefind
Pictometry an
 close to zero w
Education
            I
ld with a laser
t with a telesco
nd all 30 remo
er are display
d the laser ra
ith -0.07 m fo
SSN 1927-6044
 rangefinder. 
pic height pol
tely sensed bu
ed in Table 1. 
nge finder un
r the Pictome
Vol. 4, No. 
   E-ISSN 192
e. 
ilding feature 
On average, L
derestimated t
try web-based 
1; 2015 
7-6052 
height 
iDAR 
he 30 
 
www.sciedu.ca/ijhe International Journal of Higher Education Vol. 4, No. 1; 2015 
Published by Sciedu Press                         58                         ISSN 1927-6044   E-ISSN 1927-6052 
Table 1. Summary of all 30 building feature actual height measurements and in situ height estimates. 
Site Actual Height Pictometry LiDAR Laser 
  (meters) (meters) (meters) (meters) 
1 4.54 4.47 4.82 4.33 
2 6.01 5.95 6.23 5.61 
3 4.57 4.60 4.52 4.57 
4 3.76 3.66 3.87 3.60 
5 3.58 3.52 3.70 3.51 
6 4.51 4.47 4.64 4.45 
7 4.55 4.47 4.49 4.54 
8 5.23 5.13 5.54 5.18 
9 5.32 5.25 5.20 5.12 
10 3.58 3.19 3.31 3.51 
11 4.85 4.89 4.98 4.66 
12 3.61 3.63 3.69 3.57 
13 3.41 3.33 3.28 3.45 
14 3.45 3.36 3.56 3.41 
15 2.66 2.43 2.56 2.62 
16 2.49 2.44 2.54 2.41 
17 3.61 3.53 3.61 3.57 
18 2.33 2.26 2.60 2.23 
19 2.20 2.13 2.35 2.13 
20 2.27 2.27 2.54 2.16 
21 5.34 5.38 5.29 5.49 
22 2.13 2.13 2.27 2.01 
23 2.53 2.41 2.59 2.53 
24 3.67 3.48 3.91 3.81 
25 2.66 2.68 2.70 2.53 
26 3.45 3.47 3.32 3.38 
27 3.39 3.37 3.39 3.20 
28 4.60 4.63 4.54 4.42 
29 4.52 4.36 4.72 4.30 
30 3.57 3.51 3.84 3.57 
Mean 3.75 3.68 3.82 3.66 
interface estimates, 0.07 m for the LiDAR data height estimates, and -0.09 m for the laser rangefinder estimates 
indicating that all three estimation techniques tested were unbiased estimators of height. For an average accuracy 
comparison, the LiDAR data were found the least accurate among the three, with the highest mean absolute error 
(0.14 m), the highest mean absolute percent error (4.00%), and the highest RMSE (0.16 m) (Table 2). 
3.2 Statistical Analysis 
An ANOVA was conducted on the absolute errors to determine if the accuracy difference between height estimates 
among the three remote sensing methods was statistically significant. The results of a p-value of 0.035 concluded  
Table 2. Mean error, mean absolute error, mean absolute percent error and RMSE for all 30 remotely sensed building 
feature height estimates. 
Error Actual   
Measurement 
Method   
Assessment Height Pictometry LiDAR Laser 
Mean Height (m) 3.75 3.68 3.82 3.66 
Mean Error (m) n/a -0.07 0.07 -0.09 
Mean Absolute Error (m) n/a 0.08 0.14 0.11 
Mean Absolute Percent Error (%) n/a 2.28 4.00 2.83 
RMSE (m) n/a 0.11 0.16 0.14 
the difference was significant at the 95% confidence interval (Table 3). A Tukey pair-wise test was performed and 
found the LiDAR technique was significantly less accurate than the Pictometry technique, while the laser ranger 
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finder technique was not different from the others (Table 4). In measuring building feature height, the Pictometry 
estimated height on screen within the Pictometry web-based interface achieved the same level of accuracy as using a 
laser rangefinder in the field. In addition, the Pictometry height estimation was more accurate statistically than height 
estimated using LiDAR data. 
Table 3. Summary table of an ANOVA analysis of absolute error. 
SUMMARY 
Groups Count Sum Average Variance 
Pictometry 30 2.40 0.0801 0.0062
LiDAR 30 4.15 0.1383 0.0082
Laser 30 3.18 0.1060 0.0076
ANOVA 
Source of Variation SS df MS F P-value F crit 
Between Groups 0.0511 2 0.0255 3.4802 0.0352 3.1013
Within Groups 0.6384 87 0.0073
Total 0.6895 89         
4. Conclusions 
The ease of remotely sensed height estimation demonstrated by a senior spatial science undergraduate student using 
on-screen Pictometry data in a web-based interface and LiDAR data with ArcMap 10.1 GIS software reinforces the 
use of these methods to estimate height remotely in lieu of in situ assessments. Errors of remotely sensed height 
estimates, when compared with actual height measurements, were close to zero and ranged from -0.07 m to 0.07 m 
indicating little difference between estimated and actual height measurements. A Tukey pair-wise test found the 
remotely sensed Pictometry web-based interface was statistically more accurate than LiDAR data, while the laser 
range finder was not different from the others. The results indicate that height estimates within the Pictometry 
web-based interface could be used in lieu of time consuming and costly in situ height measurements.  
Table 4. Results from a Tukey pair-wise test. 
Measurement Tukey Least Square Mean 
Method Level (meters) 
LiDAR A 0.14 
Laser A B 0.11 
Pictometry   B 0.08 
The findings validate the interactive hands-on instruction methodology employed by the GIS faculty within ATCOFA. 
Using spatial science technology a senior undergraduate student under the direction of GIS faculty learned how to 
estimate the height of surface features from a distance using remotely sensed data. The high level accuracy of the 
students applied height estimates validates the hands-on instruction methodology employed within the Bachelor of 
Science in Spatial Science program within ATCOFA at SFA. The results validate ATCOFA’s mission statement of 
producing spatial science graduates capable of utilizing spatial science technology to accurately quantify, qualify, 
map, and monitor natural resources.  
Acknowledgements  
This research was supported by McIntire Stennis Cooperative Research funds administered by the Arthur Temple 
College of Forestry and Agriculture. 
References 
Anderson, H., Reutebuch, S., & McGaughey, R. (2006). A rigorous assessment of tree height measurements obtained 
using airborne lidar and conventional field methods. Canadian Journal of Remote Sensing, 32(5), 355-366. 
http://dx.doi.org/10.5589/m06-030 
www.sciedu.ca/ijhe International Journal of Higher Education Vol. 4, No. 1; 2015 
Published by Sciedu Press                         60                         ISSN 1927-6044   E-ISSN 1927-6052 
Asner, G. P., Palace, M., Keller, M., Pereira, R., Silva, J., & Zweede, J. (2002). Estimating canopy structure in an 
amazon forest from laser range finder and IKONOS satellite observations. Biotropica. 34, 483-492. 
http://dx.doi.org/10.1111/j.1744-7429.2002.tb00568.x 
Bullard, S., Coble, D., Coble, T., Darville, R., & Stephens-Williams, P. (2014). Producing ‘Society-ready’ foresters: A 
research-based process to revise the Bachelor of Science in Forestry curriculum at Stephen F. Austin State 
University (ATCOFA Monograph 1-2014). Nacogdoches, Texas: Arthur Temple College of Forestry and 
Agriculture, Stephen F. Austin State University, Nacogdoches, Texas.  
Campbell, J. B., & Wynne, R. H. (2011). Introduction to Remote Sensing. New York, New York: The Guilford Press. 
Chapman, J., Hung, I., & Tippen, J. (2010). Evaluating TIFFS (Toolbox for Lidar Data Filtering and Forest Studies) 
in deriving forest measurements from Lidar data. Mathematical and Computational Forestry and Natural 
Resources Sciences, 2(2), 145-152.  
Dailey, S. W. (2008). An accuracy assessment of 3-dimensional measurements derived from LiDAR and Pictometry 
data when compared to in situ survey measures. Columbia, South Carolina: M. S. Thesis, University of South 
Carolina.  
Electronic Field Study (EFS). (2007). Electronic Field Study User Guide Version 2.7. Rochester, New York: 
Pictometry International Corporation. 
Gatziolis, D., Fried, J., & Monleon, V. (2010). Challenges to estimating tree height via lidar in closed-canopy forests: 
a parable from western Oregon. Forest Science, 56, 139-155. 
Gerke, M., & Kerle, N. (2011). Automatic structural seismic damage assessment with airborne oblique pictometry 
imagery. Photogrammetric Engineering and Remote Sensing, 77, 885-898. 
http://dx.doi.org/10.14358/PERS.77.9.885 
Jurisch, A., & Mountain, D. 2008. Evaluating the viability of Pictometry imagery for creating models of the build 
environment. In Proceedings of the Computational Science and its Applications—ICCSA, Perugia, Italy, pp. 
663-677.  
Maltamo, M., Hyyppa, J., & Malinen, J. (2006). A comparative study of the use of laser scanner data and field 
measurements in the prediction of crown height in boreal forests. Scandinavian Journal of Forest Research, 21, 
231-238. http://dx.doi.org/10.1080/02827580600700353 
O’Beirne, D. (2012). Measuring the urban forest: comparing LiDAR derived tree heights to field measurements. San 
Francisco, California: M. A. thesis, San Francisco State University.  
Popescu, S. C., & Wynne, R. H. (2004). Seeing the trees in the forest: using lidar and multispectral data fusion with 
local filtering and variable window size for estimating tree height. Photogrammetric Engineering and Remote 
Sensing, 70, 589-604. http://dx.doi.org/10.14358/PERS.70.5.589  
Popescu, S. C., Wayne, R. H., & Nelson, R. H. (2002). Estimating plot-level tree heights with lidar: local filtering 
with a canopy-height based variable window size. Computers and Electronics in Agriculture, 37, 71-95. 
http://dx.doi.org/10.1016/S0168-1699(02)00121-7 
Unger, D. R., Hung, I., & Kulhavy, D. L. (2014). Comparing remotely sensed Pictometry web-based height estimates 
with in situ clinometer and laser range finder estimates. Journal of Applied Remote Sensing, 8, 
http://dx.doi.org/10.1117/1.JRS.8.083590 
Unger, D., Kulhavy, D., Williams, J., Creech, D., & Hung, I. (2014). Urban tree height assessment using Pictometry 
hyperspatial 4-inch multispectral imagery. Journal of Forestry, 112, http://dx.doi.org/10.5849/jof.14-020 
Unger, D., Kulhavy, D., Hung, I., & Zhang, Y. (2014). Quantifying natural resources using field-based instruction 
and hands-on applications. Journal of Studies in Education, 4, 1-14. http://dx.doi.org/10.5296/jse.v4i2.5309  
Wang, Y., Schultz, S., & Giuffrida, F. (2008). Pictometry’s proprietary airborne digital imaging system and its 
application in 3d city modelling. International Archives of Photogrammetry and Remote Sensing, 37, 
1065-1069. 
 
